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57 ABSTRACT 
Formic acid difficult to separate from acetic acid by 
conventional distillation or rectification because of the 
close proximity of their boiling points. Formic acid can 
be readily separated from acetic acid by using azeo 
tropic distillation. Effective agents are cyclopentane 
and tetrachloroethylene. 

1 Claim, No Drawings 



5,264,086 
1 

SEPARATION OF FORMIC ACID FROMACETIC 
ACD BY AZEOTROPEC DISTILLATION 

FIELD OF THE INVENTION 5 

This invention relates to a method for separating 
formic acid from acetic acid using certain organic com 
pounds as the agent in azeotropic distillation. 

DESCRIPTION OF PRIOR ART 

Azeotropic distillation is the method of separating 
close boiling compounds from each other by carrying 
out the distillation in a multiplate rectification column 
in the presence of an added liquid, said liquid forming 
an azeotrope with one or both of the compounds to be 
separated. Its presence on each plate of the rectification 
column alters the relative volatility in a direction to 
make the separation on each plate greater and thus 
require either fewer plates to effect the same separation 
or make possible a greater degree of separation with the 
same number of plates. The azeotrope forming agent is 
introduced with the feed to a continuous column. The 
azeotrope forming agent and the more volatile compo 
nent are taken off as overhead product and the less 
volatile component comes off as bottoms product. The 
usual methods of separating the azeotrope former from 
the more volatile component are cooling and phase 
separation or solvent extraction. 

Formic acid has been separated from acetic acid com 
mercially using benzene as the azeotrope forming agent 
but because of the hazardous characteristics of benzene, 
its use has been largely abandoned. Carbon tetrachlo 
ride and cyclohexane have been reported but are not as 
effective as benzene as an azeotrope former. 
Formic acid, B.P. 101° C. and acetic acid, B.P. 118 

C. have a relative volatility of 1.23 and are difficult to 
separate by conventional rectification. Table 1 shows 
that to get 99% purity, sixty actual plates are required. 
For an agent giving a relative volatility of 1.34, 43 ac 
tual plates are required and with a relative volatility of 
1.44, only 33 actual plates are required. An improve 
ment of this magnitude represents a clear economic and 45 
operational advantage to the separation of these indus 
trially important chemicals. 

TABLE 1 

Theoretical and Actual Plates Required vs. Relative 
Volatility for Formic Acid - Acetic Acid Separation 

O 

15 

25 

30 

35 

50 

Relative Theoretical Plates Required Actual Plates 
Volatility At Total Reflux, 99% Purity Required, 75% Eff. 

1.23 45 60 
1.34 32 43 
1.44 25 33 55 

OBJECTIVE OF THE INVENTION 

The object of this invention is to provide a process or 60 
method of azeotropic distillation that will enhance the 
relative volatility of formic acid to acetic acid in their 
separation in a rectification column. It is a further object 
of this invention to identify certain organic compounds 
that are stable, are effective as azeotropic distillation 
agents and can be readily separated from formic acid or 
acetic acid and recycled to the azeotropic distillation 
column with little decomposition. 
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2 
SUMMARY OF THE INVENTION 

The objects of this invention are provided by a pro 
cess for the separation of formic acid from acetic acid 
which entails the use of certain organic compounds 
when separately employed as the agent in azeotropic 
distillation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

We have discovered that certain organic compounds 
will effectively increase the relative volatility between 
formic acid and acetic acid during rectification when 
employed as the agent in azeotropic distillation. Table 2 
summarizes the data obtained with these agents in a 
rectification column. The agents which are effective are 
cyclopentane and tetrachloroethylene. 

TABLE 2 
Data From Runs Made in Rectification Column 

Temperature 
G 640 mm. Azeo. Comp. 

Over- Stillpot Wt % Relative 
Azeotrope Former head "C. Formic Agent Volatility 
Cyclopentane 42 O 6 84 1.44 
Tetrachloroethylene 84 105 50 50 1.34 

2-Pentanone and 3-pentanone form azeotropes with 
formic acid but their relative volatilities are less than 
1.23, the relative volatility of formic acid to acetic acid. 

THE USEFULNESS OF THE INVENTION 

The usefulness or utility of this invention can be dem 
onstrated by referring to the data presented in Tables 1 
and 2. Both of the successful agents show that formic 
acid can be separated from acetic acid by means of 
azeotropic distillation in a rectification column and that 
the ease of separation as measured by relative volatility 
is considerable. 

WORKING EXAMPLES 
Example 1 

Fifty grams of formic acid, 50 grams of acetic acid 
and 50 grams of cyclopentane were charged to a glass 
perforated plate rectification column containing 7.3 
theoretical plates. After five hours at total reflux, over 
head and bottoms samples were taken and analyzed by 
gas chromatography. The overhead was 92% formic 
acid, 8% acetic acid; the bottoms was 45% formic acid, 
55% acetic acid which is a relative volatility of 1.44. 

Example 2 
Fifty grams of formic acid, 50 grams of acetic acid 

and 50 grams of tetrachloroethylene were charged to 
the glass perforated plate rectification column. After 
five hours at total reflux, overhead and bottoms samples 
were taken and analysed. The overhead was 87% for 
mic acid, 13% acetic acid, the bottoms was 45% formic 
acid, 55% acetic acid which is a relative volatility of 
1.34. 
We claim: 
1. A method for recovering formic acid from a mix 

ture of formic acid and acetic acid which comprises 
distilling a mixture of formic acid and acetic acid in the 
presence of an azeotrope forming agent, recovering the 
formic acid and the azeotrope forming agent as over 
head product and obtaining the acetic acid from the 
stillpot, wherein said azeotrope forming agent is cyclo 
pentane. 
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